Abstract-In this work the experimental results are presented showing the spectroscopic performance of the ASIC multichannel charge-sensitive preamplifier of TRACE (TRacking Array for light Charged particle Ejectiles). The results were obtained connecting a silicon pad detector to a custom-designed preamplifier board with eight ASIC CSPs. The detector and the board were put in a vacuum chamber with a triple Am-Cm-Pu alpha source. The output signals were digitized with four FPGApowered 100 MHz 14-bit resolution digitizer cards. The energy resolution obtained is around 22 keV at 5486 keV. The results are very encouraging and pave the way for future developments.
I. INTRODUCTION
I N the forthcoming experiments with radioactive nuclear beams that will take place in the new facilities under construction such as SPES (Legnaro National Laboratories), SPIRAL2 (Ganil) and FAIR (GSI) nuclear structures far from the valley of stability will be studied. In these experiments the expected counting rate and dynamic range are very high. New highly-segmented detectors will both provide enhanced spatial resolution and lower per-channel count rate. With 100 or less channels it's still possible to hard wire each one to the DAQ infrastructure, but with 1k or more this is practically not feasible. For these reasons the front-end electronics must employ non-conventional solutions.
The TRACE detector array [1] in its final configuration will consist of several thousands of channels. Both the detectors and the front-end electronics will be placed inside the small volume of the reaction chamber and the connections to the outer world should be minimized.
The solution proposed is to use ASIC preamplifiers connected in groups of 32 channels to analog memory chips [2] , [3] . The sampled signals will be multiplexed, packed with timestamp and channel number information and transmitted to the back-end. The digitized signals will be processed with pulse-shape algorithms (PSA) to perform particle discrimination.
II. THE MULTI-CHANNEL INTEGRATED CHARGE-SENSITIVE PREAMPLIFIER
A multi-channel integrated charge-sensitive preamplifier was realized and tested [4] , [5] . It was designed in AMS 0.35μm CMOS technology and is intended to be powered with a dual ±2.5 V supply. It comprises four channel specifically designed for hole signals and one for electron signals. The former are intended to be connected to the front pads of the detectors and the latter to the back electrode through proper decoupling capacitor. All the channels implement a differential input stage and a low-impedance output stage. The first one ensures a 0 V bias point and the second one is able to drive a 50 Ω terminated cable. The only external component is a 1 GΩ feedback resistor for each channel. The preamplifier resolution, evaluated on the test-bench with a pulser, is 1.1 keV in silicon, considering 5 pF of detector capacitance. The high bandwidth ensures a signal rise-time around 10 ns. A simple I 2 C interface enables to adjust some key parameters such as gain and bandwidth via slow control. Since the TRACE front-end electronics must be operated in vacuum the power consumption should be kept as low as possible. As the reader surely knows power and performance (both noise and speed) are in trade-off. In this version the ASIC power consumption is 12 mW per channel. The electron channel is separately powered and can be shut off when not used.
One of the key features of this integrated preamplifier is an auxiliary fast-reset device [6] - [13] . This device has two main purposes. The first one is to reduce dramatically the deadtime in case of saturation. The time required for a complete recover is around 10 μs / MeV. The second purpose is to extend the dynamic range of the preamplifier thanks to a timeover-threshold (TOT) technique. In this way, if the preamplifier is able to process linearly events up to 40 MeV in silicon, with the TOT method the spectroscopic energy range is boosted up to more than 700 MeV.
III. EXPERIMENTAL SETUP AND RESULTS
In order to connect the integrated charge-sensitive preamplifiers to the TRACE silicon detector prototypes a custom board was designed and realized. This board can host eight chips for a total of 32 front channels. The electron channel is active only on one of these chips and is connected to the back electrode of the detector. The detector is segmented into 60 square, 4 mm wide pads. Due to the limited number of the readout channels available only the central pads are active. The board is realized with a Rogers4003c laminate, characterised by low dielectric loss and is compliant with standard FR4 production processes. The output signals are routed to three MDR26 connectors. Proper adapters were used to connect the board to the array of 3M headers on the flange of the vacuum chamber. The output signals were sent to four N1728A CAEN modules. They are FPGA-powered 100 MHz 14-bit resolution digitizer cards with four differential inputs each. A simple digital trigger on the back signal was provided by the digitizer card itself. A triple 241 Am-244 Cm-239 Pu alpha source was put inside the vacuum chamber. The system was operated at 0.2 mbar. The energy resolution at different energies is reported in table I.
IV. CONCLUSIONS
These results, although very promising, should be considered preliminary. This result was due not only to the high resolution of the preamplifiers but also to the very low bias current of the detector: 10 nA. A lot of efforts are being spent in improving the experimental setup. A new version of the Fig. 3 . Photo of the TRACE32ch v1.1 preamplifier board connected to a TRACE detector prototype inside a vacuum chamber with a triple 241 Am-244 Cm-239 Pu alpha source. chip was designed and submitted to the foundry. It comprises eight channels specifically tailored for hole signals and one for electrons. The latter incorporates a new time-to-amplitude converter. In case of saturation this device is able to produce analog signals with amplitude proportional to the energy of the corresponding event. In this way the fast-reset device requires no more digital post-processing to boost the dynamic range of the preamplifier. Future studies will address the issue of the external 1 GΩ resistor. Integrated solutions based on polysilicon resistors are being investigated [14] , [15] .
